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ABSTRACT
International Journal of Exercise Science 15(7): 1680-1691, 2022. Physical activity has significantly

declined during the COVID-19 pandemic. Declines in physical activity have correlated with increased levels of
perceived stress, though studies examining physical activity and stress have failed to account for critical confounds.
The present study aims to determine whether physical activity independently predicts perceived stress in students
attending private four-year universities. Physical activity, socioeconomic status, resilience, gender, and perceived
stress data were collected from 85 students and used in a multiple linear regression analysis. The regression model
accounted for 43.5% of the variance in perceived stress (R2 = .462, p < .001). Total physical activity significantly and
inversely predicted perceived stress (β = –.229, p = .007) in students irrespective of other covariates. Socioeconomic
status, resilience, and gender also independently and significantly predicted perceived stress. Findings should be
leveraged by university staff to promote psychological well-being and wholistic health initiatives incorporating
physical activity as a primary and modifiable component.

KEY WORDS: Coronavirus, disparities, mental health, resilience, socioeconomic status,
undergraduate
INTRODUCTION
Population levels of physical activity (PA) have significantly declined during the pandemic (12,
31, 40). Declines in PA during the COVID-19 pandemic have been associated with decreased
psychological well-being and increased perceptions of stress (31, 40). High perceptions of stress
correlate with depression, anxiety, poor sleep quality, fatigue, illness symptoms, and poor
health (4, 20, 26). Additionally, duration and intensity of stress perceptions are associated with
summary physiological dysregulation scores, indicating that perceived stress is related to
multisystem physiological dysregulation (18). The implementation of measures that combat
perceived stress and its adverse psychological and physiological consequences requires a
thorough understanding of the predictors of perceived stress during the COVID-19 pandemic.
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Regular PA has frequently been investigated as a means of attenuating stress perception and its
physiological repercussions. In correlational studies, high levels of PA, especially vigorous PA,
have been found to correlate with low levels of perceived stress (14, 33). Other studies have
found that regular exercisers are less likely to experience negative emotional consequences of
stress or to develop mental health problems despite moderate to high perceptions of stress (3,
14, 15). However, the exact mechanism by which PA is associated with lower levels of perceived
stress remains unknown. One prevailing hypothesis posits that behavioral changes impacting
sleep quality, self-regulation, or coping strategies mediate the relationship between PA and
mental health (27). Researchers aptly call this the behavioral mechanisms hypothesis (27). Crosssectional research has supported this hypothesis by demonstrating that physically active
adolescents are more likely to employ problem-focused or “shift-persist” coping strategies and
less likely to employ emotion-focused coping strategies, when compared to inactive peers (8).
PA is also intimately related to physiological stress responses and induces acute disturbances to
the hypothalamic-pituitary-adrenal axis (HPAA) that may resemble those induced by
psychosocial stressors (28). Low levels of PA correlate with increased HPAA reactivity in
response to stress and slower stress recovery (16, 29). Chronic PA also results in adaptations to
the HPAA such that submaximal psychosocial stressors elicit responses of lower magnitude (16,
36). Overall, PA is associated with a tempered experience of stress. Highly active individuals
generally experience lower perceptions of stress, in addition to reduced emotional and
physiological consequences of stress.
In addition to PA, socioeconomic status (SES), resilience, and gender have all been identified as
correlates with perceived stress. Research has identified a consistent social gradient in perceived
stress among adolescents regardless of the measure used to assess SES. This effect is at least
partially mediated by varying levels of optimism across SES strata (10). SES in university
students resembles SES in adolescents because it is determined by both available parental
resources and students’ individual statuses (17). Interestingly, subjective SES, or one’s selfperception of social rank based on financial, educational, or occupational prestige, has
significantly predicted perceived stress in models where income and other objective measures
of SES did not significantly predict perceived stress (19). These findings emphasize how the
subjective relationship between an individual and the social environment cannot be separated
from stress perception (19).
Resilience, a construct often defined as the ability to recover from stress or adversity, can act as
a resource to reduce perceptions of stress (1, 25). Resilience has significantly predicted perceived
stress in undergraduate students (13). Gender is also significantly associated with perceived
stress, with females generally reporting more stress than males (24, 30). In comparison to males,
females report more chronic stress and daily stressors and rate life events as more negative and
uncontrollable (30). Significant differences exist in the types of stressful life events reported by
each gender. Females report more stressful life events pertaining to family and health, whereas
men report more stressful events related to work, finances, and romantic relationships (30).
Differences in coping also exist, with females more frequently employing emotion-focused or
avoidance coping styles (10, 30). Students’ propensities to bounce back from and cope with
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pandemic-related adversities are intimately connected to their experience of stress, necessitating
consideration of resilience and gender in a predictive model of perceived stress.
Clearly, PA, SES, resilience, and gender are related to perceived stress. Though past studies have
established a relationship between PA, SES, resilience, gender, and perceived stress, they have
failed to determine whether PA continues to uniquely predict perceived stress during the
COVID-19 pandemic. It remains unknown if social isolation, separation from university support
systems, changes to the classroom environment, or other stressors associated with the COVID19 pandemic disrupt the known relationship between PA and perceived stress. Given that PA is
easily measured and modified, knowledge of the unique contribution of PA in a predictive
model of stress is essential to the design of future PA interventions intended to minimize stress.
Therefore, the purpose of the present study is to determine whether PA is an independent
predictor of perceived stress in university students during the COVID-19 pandemic while
accounting for the known influence of SES, resilience, and gender in the overall model. We
hypothesize that PA will independently predict perceived stress when accounting for the effects
of SES, resilience, and gender.
METHODS
Participants
This study received Institutional Review Board approval from the primary investigator’s
university prior to any recruitment, enrollment, or data collection. Furthermore, this research
was carried out fully in accordance to the ethical standards of the International Journal of
Exercise Science (32).
The present study examined data collected as part of the larger COVID-19 Stress, Physical
Activity, and Nutrition Effects on Students (CSPANES) research project, which collected data
across four domains: (1) perceived stress, (2) PA, (3) nutrition, and (4) resilience. The CSPANES
project used university email, social media, and chain referral sampling in November of 2020 to
recruit adults ages 18-25 years old who were enrolled in a college or university in the Greater
Houston area. Participants provided informed consent prior to online survey access and were
allowed to skip questions or end the survey at any time. For their participation, participants
could enter a drawing for a $20 gift card. The present study examined three of the four CSPANES
domains and restricted participants to only students attending a private four-year university.
An a priori power analysis indicated a sample size of 85 to achieve statistical power ≥ 0.80 at
alpha level ≤ 0.05 and an effect size of f2 = 0.15 with four predictor variables.
Protocol
The online survey asked participants about personal and household characteristics and
demographic information, including self-reported age, gender, type of university attended, and
perceived SES as “poor,” “working class,” “middle class,” or “affluent” following standard
practice (9). Perceived stress was measured using the 10-item Perceived Stress Scale (PSS-10) (4,
6). The PSS-10 is the most widely used assessment of perceived stress and exhibits good internal
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(Cronbach’s α > .70) and test-retest (> .70) reliability (26). The PSS-10 explicitly captures the
appraisal of stress and is distinct from measures of related constructs such as depression (6).
Pertinent to the present investigation, the PSS-10 has also been validated in samples of people
living with life altering, yet uncontrollable stressors such as lupus (37). It is assumed that these
low control stressors may resemble those associated with the COVID-19 pandemic, given that
many decisions regarding social distancing, academic accommodations, and other pandemic
responses are outside of students’ direct control.
PA was assessed using the International Physical Activity Questionnaire – Short Form with
seven-day recall (IPAQ-SF) (7). The IPAQ-SF is an accepted standard recall tool for PA with
excellent repeatability (Spearman’s ρ = 0.8) and good convergent validity with other self-report
measures (ESρ = .53) (7, 23). With COVID-19 restrictions limiting the ability to collect data inperson, self-reported measures such as the IPAQ-SF have appealed to researchers and have been
used successfully in other activity assessments during the COVID-19 pandemic (2). The IPAQSF contains seven questions that gauge time spent in sedentary behavior or each of three PA
intensities: walking (WPA), moderate PA (MPA), or vigorous PA (VPA). The IPAQ-SF calculates
PA as weekly MET-minutes spent in each of the three intensities, as well as participants’ total
weekly MET-minutes. Despite earlier cautions against using the IPAQ-SF to derive continuous
measures of PA, meta-analyses have concluded that continuous measures derived from the
IPAQ-SF have corrected mean effect sizes equal to or greater than those derived from the IPAQLong Form and support the utilization of the IPAQ-SF as a means of obtaining continuous data
(23). The IPAQ-SF uses a published algorithm to further categorize participants as inactive,
minimally active, or health-enhancing PA (HEPA) active according to time spent in WPA, MPA,
and VPA (22).
Resilience was measured using the Brief Resilience Scale (BRS). The BRS is a six-item self-report
tool (35). While other resilience scales primarily assess the availability of factors that protect
against psychopathology, the BRS is designed to explicitly capture a person’s ability to bounce
back or recover from stress. In a recent review of resilience measures, the BRS received the
maximum score for construct validity and was ranked highest in overall quality (39). It
correlates well with both the Connor-Davidson Resilience Scale (r = .59, p < .01) and Ego
Resiliency Scale (r = .51, p < .01) and has been studied and validated in diverse populations (35).
Statistical Analysis
Statistical analyses included descriptive statistics for all variables reported as frequency and
mean/percentage ± standard deviation. The authors cleaned IPAQ-SF data prior to analysis in
accordance with published guidelines, which included recoding cases with PA durations < 10
minutes to zero minutes of PA and zero days for the corresponding intensity (22). Weekly METminutes, as well as MET-minute subtotals for WPA, MPA, and VPA, were calculated. IPAQ-SF
activity classification was also reported.
The authors ran multiple linear regression to determine the effect of four predictor variables
(MET-minutes, SES, BRS score, and gender) on the dependent variable (PSS score). A normal
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predicted probability (P-P) plot of the regression residuals for the dependent variable was
generated and visually inspected to confirm a normal distribution of the dependent variable.
The assumption of homoscedasticity was verified by scatterplot. The authors conducted all other
statistical analyses using SPSS (version 27, Chicago, IL, USA), with statistical significance set at
an alpha value of ≤ .05. A faculty statistician reviewed and verified all statistical tests.
RESULTS
In all, 181 participants responded to the CSPANES study, with 162 completing the survey. This
resulted in an overall completion rate of 89.5%. After removing any respondent who did not
attend a private four-year university (n = 18), the sample was reduced to 144. Removal of
participants who failed to complete required survey sections (PSS (n = 27), BRS (n = 1), or IPAQSF (n = 31)) yielded a final sample of 85, thus meeting the a priori power analysis requirement.
Descriptive statistics for the sample are presented in Table 1. Participants were primarily female
(74.1%) and overwhelmingly identified as Asian (42.4%) or white (32.9%). Over half of the
sample identified as middle class (57.6%), and almost two thirds were classified by the IPAQ-SF
as minimally active or HEPA active (62.3%).
For analysis, the “poor” and “working class” categories were combined into one “poor or
working class” category for SES. Overall, the regression model accounted for 43.5% of the
variance in PSS scores (R2 = .462, R2 adj = .435, F(4,80) = 17.164, p < .001). Consistent with the
authors’ hypothesis, MET-minutes were a significant predictor of perceived stress (β = –.229, p
= .007). Similarly, SES and resilience significantly, independently, and inversely predicted
perceived stress. Gender also significantly and independently predicted perceived stress, with
female gender predicting higher perceived stress than male gender. Table 2 presents regression
coefficients and significance levels for the four predictor variables.
Table 1. Descriptive characteristics of the sample.
Characteristic or Demographic
Age (years)
Gender
Male
Female
Gender nonconforming, other
Race/Ethnicity
White
Asian
Black
Hispanic or Latino
Middle Eastern
Multi-racial
Prefer not to answer
Socioeconomic Status (SES)
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Frequency (n)
85

Mean ± SD or %
19.8 ± 1.25

21
63
1

24.7%
74.1%
1.2%

28
36
5
2
3
10
1

32.9%
42.4%
5.9%
2.4%
3.5%
11.8%
1.2%
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Poor
Working class
Middle class
Affluent
Perceived Stress
PSS Score
Resilience
BRS Score
Weekly MET-Minutes
WPA MET-minutes
MPA MET-minutes
VPA MET-minutes
IPAQ-SF Categorization
Inactive
Minimally Active
HEPA active

1
14
49
21

1.2%
16.5%
57.6%
24.7%

85

23.5 ± 6.06

85
85
85
85
85

3.2 ± 0.72
1954.7 ± 2133.20
562.6 ± 742.89
271.5 ± 406.66
1120.6 ± 1424.66

32
20
33

37.6%
23.5%
38.8%

Table 2. Coefficients of multiple regression analysis predicting PSS Score from MET-minutes, SES, BRS Score, and
gender.
t
p
B
β
Constant
45.690
15.786
< .001***
MET-minutes
–.001
–.229
–2.784
.007**
SES
–2.808
–.301
–3.630
< .001***
BRS Score
–4.575
–.540
–6.458
< .001***
Gender
–2.214
–.173
–2.048
.044*
Note: ‡p ≤ .1, *p ≤ .05, **p ≤ .01, ***p < .001

DISCUSSION
Our findings indicate that PA significantly and independently predicts perceived stress in
students attending four-year private universities during the COVID-19 pandemic. Consistent
with our original hypothesis, this predictive association persists despite statistically controlling
for the collective influence of SES, resilience, and gender. Higher volumes of weekly activity
predict lower perceptions of stress regardless of these covariates. SES and gender also
significantly and independently predict perceived stress, though not as effectively as resilience,
which eclipsed all other variables as the single best predictor of perceived stress.
While previous studies have demonstrated that PA predicts perceived stress in undergraduate
students, our study is the first to do so during the COVID-19 pandemic while also controlling
for multiple widely accepted confounds. A past study of university students controlled for
confounds such as SES, gender, and ethnicity but found no significant association between PA
and perceived stress (34). However, that study employed the Godin Leisure-Time Exercise
Questionnaire to assess PA, which assesses PA frequency but does not assess the total duration
for which activity occurred in each intensity-specific domain and does not accurately measure
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total PA volume. Hence, previous failures to identify PA as an independent predictor of stress
may be attributable to the incomplete assessment of PA volume. In contrast, the IPAQ-SF more
completely assesses the influence of PA volume on perceived stress and likely explains the
significance of PA as a predictor of stress in the present study.
Notably, the mean perceived stress score for participants in the present study was markedly
higher than normative scores for age-matched peers (5). Cohen & Janicki-Deverts reported
perceived stress data from three survey periods in 1983, 2006, and 2009, with each survey
involving at least 2,000 adults in the United States. In no survey period did any demographic
average more than 20.21 points on the PSS-10 (5). The present mean of 23.5 is significantly
greater than the mean score for adults ages 18-25 in 2006 (18.64) or 2009 (16.78). The educational
demographics of the present sample may partially account for the high stress scores observed.
Nguyen–Michel et al. determined that students attending either public or private four-year
universities reported greater perceived stress relative to students attending community colleges
(34). However, pandemic-related stressors likely contributed most significantly to elevated
perceptions of stress in our sample. Policies designed to suppress the spread of COVID-19 have
had the unfortunate side effect of closing schools and businesses, hindering academic and
professional pursuits, and separating university students from friends and other traditional
providers of social support, such as university faculty and staff. Therefore, it seems reasonable
to presume that social isolation and other low-control, pandemic-related stressors contributed
to the high levels of perceived stress observed, especially when considering that the PSS-10 was
designed to reflect, in part, the sense of control that individuals have over their lives (6). The
presumed absence of students’ control over policies implemented by their universities or local
governments in response to the pandemic may have contributed to the high PSS-10 scores.
Considering the social withdrawal that has accompanied the COVID-19 pandemic, socializing
deserves special attention as a mediator of the relationship between PA and perceived stress.
VanKim & Nelson examined the associations between VPA, mental health, perceived stress, and
socializing in university students. They concluded that at least some of the positive influence of
VPA on perceived stress occurs through a pathway mediated by the size of a person’s friend
group and the frequency with which they socialize (38). In the present study, where normal
social patterns among participants were presumedly disrupted, the socializing mediation
pathway may have exerted a stronger than usual effect. It is possible that PA provided
opportunities to socialize with friends, family, or community members that would not have
otherwise existed. Though the present study did not assess the environment(s) in which PA
occurred, it is assumed that PA during the survey period occurred primarily in the home (e.g.,
home gym) or neighborhood (e.g., walking, jogging, bicycling) environments given the closure
of fitness centers due to pandemic restrictions. In comparison to commercial environments,
these environments may have augmented the socializing mediation pathway by facilitating
conversation.
Furthermore, our model supports previous findings that SES inversely predicts perceived stress
(10, 17, 19). Different measures of SES relate to stress in different ways, and selecting an
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appropriate measure of SES for university students is especially difficult (17, 34). A student’s
subjective relationship with his social environment may be influenced by his parents’ education,
family income, tuition assistance, personal income, and other factors that existing objective
assessments of SES cannot capture (17, 34). The present study attempted to capture the collective
influence of these factors through the assessment of self-reported subjective SES, which has been
shown to significantly predict perceived stress in populations with multifactorial SES (19). As
expected, students with lower subjective SES reported more stress. SES-dependent levels of
pessimism and optimism may mediate this effect, given that low SES is associated with more
pessimistic attitudes, and pessimistic attitudes are associated with higher perceived stress (10).
Students of low SES in the present sample may have maintained more pessimistic attitudes
regarding their ability to endure challenges associated with the pandemic. It is also possible that
low-SES students were more frequently exposed to environments with a high risk of COVID-19
transmission, and that higher perceived stress accompanied these exposures.
Of all the predictors, our study found that resilience exerted the strongest effect on perceived
stress. The effect size exerted by resilience is approximately triple that of gender and more than
double that of PA. This result is consistent with other research demonstrating that resilience is
moderately to strongly associated with perceived stress in university students (13). It is possible
that the BRS partially accounts for the strong association between resilience and perceived stress.
Though resilience has been defined in several different terms, the developers of the BRS
designed it to specifically capture an individual’s ability to bounce back or recover from stress
(1, 35). Therefore, individuals who score lower on the BRS may not recover as quickly from stress
and are more likely to remain in a condition where they are conscious of, and thus affected by,
a given stressor. Resilient participants in the present study may have perceived less stress due
to “shedding” or recovering from stressors at a faster rate. Accordingly, had another resilience
measure been employed, we assume a weaker association between resilience and perceived
stress would have been observed, as such measures assess constructs more tangentially related
to the ability to recover from stress (35). Nonetheless, the BRS remains the principal measure of
resilience as the capacity to bounce back from stress and was appropriately employed in the
present study to assess participants’ resilience.
The findings that gender significantly predicts perceived stress and that female gender predicts
higher stress are consistent with previous cross-sectional research (24). These effects likely arise
in part from the gender differences in stress perceptions across various types of life events.
Females are more likely than males to perceive stress from life events involving family concerns
or the health issues of those around them (30). Hence, the social consequences of the pandemic
could have differentially affected male and female participants. Immersion in the home
environment could have facilitated the development of stressful family events, while fears of
the coronavirus could have increased concerns for the health and well-being of family members.
Female participants may have been more susceptible to both stressors, thus resulting in higher
PSS scores. Gender differences in coping may also contribute to the significance of gender as a
predictor of stress. Though males and females employ similar total amounts of coping
behaviors, females more frequently rely on avoidant (disengagement) coping (10, 30). LowInternational Journal of Exercise Science
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control pandemic-related stressors may have biased participants towards avoidant coping (11).
It is possible that pandemic-related changes in coping behaviors may have disproportionately
affected female students and contributed to the significance of gender as a predictor of stress.
Though the present study adds to a growing body of evidence that PA independently predicts
stress, research has yet to conclusively determine whether different intensities of activity differ
in their association with stress. Existing studies have attempted to stratify participants by their
attainment of various activity guidelines to judge the association between PA intensity and
perceived stress. However, these studies have been limited by the categorical measures
employed. For example, in a 2014 study, Gerber et al. divided participants into groups that did
or did not meet the VPA recommendation of the American College of Sports Medicine for at
least 20 minutes of VPA 3 times per week (14). However, all participants in both groups satisfied
the recommendation for MPA by the American College of Sports Medicine, making it
impossible to compare the effects of MPA versus VPA on stress. The same procedure was
employed by Gerber et al. in a 2017 study and the same limitation was encountered (16). In
contrast, Ng & Jeffery employed the Godin Leisure-Time Questionnaire to derive a continuous
measure of activity and examine intensity-specific effects (33). As mentioned, this instrument
measures only the number of days in which participants engaged in activity of various
intensities, not the total duration of these activities. Nonetheless, analyses determined that days
of WPA, MPA, and VPA exerted similar effect sizes on perceived stress, though the effect
exerted by walking was only marginally statistically significant. Further research is warranted
to determine whether there exists a minimum exercise intensity for minimizing stress.
A strength of this study was the assessment of PA as a continuous rather than categorical
variable. The use of MET-minutes rather than categorical IPAQ-SF classification allows the
present study to more precisely gauge participants’ activity, increasing the sensitivity of the
present study to account for differences in individuals’ activity. Additionally, MET-minutes
allow the present study to more accurately reflect associations between activity and perceived
stress. A second strength of this study was its robust sample size, which met the a priori power
analysis sample requirements and conferred strong statistical power.
Results of this study should be viewed in the context of several limitations. First, the study
sample consisted exclusively of students attending private four-year universities. Participants
also largely self-identified as female and Asian or white, so generalizability may be limited.
However, the relationship between PA and stress is consistent across groups of university
students stratified by age, gender, ethnicity, parental education (SES), and type of university
attended (34). Therefore, we are optimistic that our results may be extended to the general
undergraduate university population. Second, we employed a non-probability sampling
method, so responses are subject to non-response bias. Non-responders may have differed in
how PA independently predicted their perceptions of stress. However, alternative sampling
methods were limited given the pandemic-related distancing measures in place at the time of
sampling. Third, as a self-report tool, the IPAQ-SF is subject to recall bias. Participants may have
overreported PA, especially VPA, resulting in overestimates of PA that would not have occurred
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with objective PA assessments (23). However, in a systematic review of PA questionnaires, the
IPAQ-SF was found to be one of only four questionnaires to exhibit good validity and reliability,
and it remains a widely accepted measure for assessing PA (21). Fourth, although subjective SES
allows for a more wholistic representation of a participant’s perceived social status than
available objective measures, some variability is assumed in how participants interpreted the
available levels of SES. For example, one participant may have self-identified as “middle class”
despite a participant of equal objective SES identifying as “affluent.” Finally, due to its crosssectional nature, our study cannot claim that PA causally reduces perceived stress.
In conclusion, PA predicted perceived stress in students attending private four-year universities
during the COVID-19 pandemic independently of SES, resilience, or gender. SES, resilience, and
gender also independently predicted perceived stress, with resilience being the strongest
predictor. The present findings augment current knowledge that physically active students
enjoy better physical and immunological health by illustrating the predictive value of PA on
perceived stress. Knowledge of this relationship should be leveraged by university faculty and
staff in the development and promotion of wholistic well-being programs that emphasize PA,
such as designing lesson plans that incorporate PA, organizing campus-wide fitness events,
promoting student involvement in recreational clubs, or offering subsidies for access to offcampus recreation centers. Future studies are needed to assess how the inverse relationship
between PA and stress varies for different intensities of activity.
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